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Introduction 
Carbon monoxide (CO) is known as silent killer; since it is a colorless, odorless and non-irritating but highly toxic gas. It results from incomplete combustion of carbonaceous substances (Rose et al., 2017; Ng et al., 2018) . It produces its most harmful effects in the highly oxygen demand organs such as brain and heart (Tabrizian et al., 2018) . El-Gharbawy, doaa.elgharbawy@yahoo.com Carbon monoxide poisoning is considered one of the most common causes of poisoning related deaths worldwide. In the United States, about 2700 fatalities have been recorded each year (Neil and Hampson, 2011) . In Iran, Nazari et al. (2010) reported that mortality rate after accidental CO poisoning was 11.6%. Another retrospective study conducted by Aldossary et al. (2015) in Dammam, Kingdom of Saudi Arabia, studied the CO deaths from 2004 to 2013, and revealed that the rate of CO fatalities increased throughout the study period to reach its maximum incidence (22.08%) in 2013. Whereas, in Egypt, the annual report of Poison Control Center (PCC), Ain Shams University Hospitals, Cairo, revealed that CO poisoning represented 1.5% out of 9762 non-drug poisoned cases received in PCC throughout 2011, also, it was the 3 rd cause of death-related poisonings recorded in this year (El-Masry and Tawfik, 2013) .
Despite, high fatality rate of CO intoxication but, it is still considered one of the possibly predictable health-related conditions (Tabrizian et al., 2018) . However, the ability to assess outcomes of patients admitted to emergency department is deemed as a challenging task, therefore, many scoring systems have been developed continuously to quantify the severity of diseases, their course and prognosis. Moreover, scoring systems may be used for assessing therapies and economical estimation of intensive care (Barghash et al., 2017) . Among these scoring systems, the Glasgow coma scale (GCS), acute physiology and chronic health evaluation (APACHE II) score, rapid emergency medicine score (REMS) and simplified acute physiology score (SAPS II) have been used in clinical practice (Ha et al., 2015) .
Glasgow coma scale (GCS) has been widely known in intensive care units (ICUs) and emergency pre-hospital settings as an effective tool for consciousness level assessment and prediction of patient's outcome (El-Sarnagawy and Hafez, 2017) . While, the APACHE II score is one of the firstly proposed scoring systems that accomplished widespread use for predicti ng severity of disease and in-hospital mortality. Similarly, the SAPS II score was proposed by Le Gall et al. in (1993) and has been widely used by most ICUs to predict clinical outcome (Aminiahidashti et al., 2017) .
However, APACHE-II and SAPS II scores are to some extent considered as complicated scoring systems. They demand some laboratory findings that may not be available early at the time of admission, which may interfere with their use in rapid scoring of patients in emergency department. Therefore, the REMS score has been developed as a simple and highly applicable scoring system for predicting outcome in patients admitted to emergency department. This could be attributed to the fact that the required input variables for REMS are easily and routinely available for all patients at admission (Ha et al., 2015; Alter et al., 2017) .
These scoring systems have been compared in many studies that evaluating intoxicated patients (Kelly et al., 2004; Eizadi-Mood et al., 2011; Kim et al., 2013) , but have yielded some contradicting findings. Hence, this study was designed to evaluate four scoring systems; GCS, APACHE II, SAPS II and REMS for predicting in-hospital mortality of patients with acute carbon monoxide poisoning.
Patients and Methods

Study design and ethical points:
This prospective study was conducted throughout the period from Jan 2016 to June 2017 on one hundred and eight Egyptian patients of both sexes with acute carbonmonoxide (CO) poisoning admitted to Poison Control Center, Tanta Emergency Hospital. The study was performed after approval of Research Ethics Committee of Tanta Faculty of Medicine. Written informed consents were signed by adult conscious patients or relatives of kin for unconscious patients and teenagers. The privacy and confidentiality of the patients' data and records were maintained through coding system.
Patients
Patients of both sexes aged 16 years or more with acute carbon-monoxide poisoning admitted within 24 hours, during the study period, were recruited in the present study. Exclusion criteria included patients with past history of cardiovascular, neurological, respiratory, hepatic or renal disorders. Patients with history of co-ingestion of poisons, patients with risk factors such as hypertension, diabetes and smoking as well as patients transferred from other hospitals or admitted after 24 hours were also excluded. Diagnosis of acute CO poisoning based on history of CO exposure; characteristic clinical features of CO poisoning and increased serum level of carboxy hemoglobin at admission.
Methods
The following data was recorded for all patients, socio-demographic data (patient's code, age, gender, residence, and time of admission), poisoning data (source and duration of CO exposure, mode of poisoning, time elapsed between acute CO exposure and arrival to hospital "delay time"). Furthermore, patient's outcome including; recovery, complications or death, need for ICU admission, intubation and mechanical ventilation, and hospital stay duration were also recorded.
Complete physical examination and calculation of the four scoring systems (GCS, APACHE II, SAPS II and REMS) were performed for all patients at admission. Then patients were divided into two groups; survivors and non-survivors groups.
The GCS based on measuring three different components; eyes opening, verbal and motor responses (Table 1) . Each component gives a range of numbers that correlate with certain levels of consciousness then the scoring points are collated and give a GCS between 3 (deep unconscious) to 15 (normal conscious level) (Teasdale and Jennett, 1974) .
To calculate the APACHE II score, age and 12 common physiological and laboratory values were employed including body temperature, mean arterial pressure, pulse rate, respiratory rate, oxygenation of arterial blood, arterial pH, serum sodium, serum potassium, serum creatinine, haematocrit, white blood cell count and GCS. The APACHE II score ranges from 0 to 71 (Knaus et al., 1985) . Likewise, The SAPS II is composed of 17 variables; 12 physiological variables, type of admission (scheduled surgical, unscheduled surgical, or medical), age and three disease-related variables (acquired immunodeficiency syndrome, metastatic cancer, and hematologic malignancy). Its score ranges from 0 to 163 points (Le Gall et al., 1993) .
The REMS is calculated easily by adding the score points of peripheral oxygen saturation and age to other four variables; GCS, mean arterial pressure, pulse rate, and respiratory rate. Each variable has a scoring range from 0 to 4 except age from 0 to 6 and the maximum score of REMS is 26 (Olsson et al., 2004a) .
Statistical analysis
The collected data was statistically analyzed using MedCalc Statistical Software version 15.8. For quantitative data, the Shapiro-Wilk test for normality was performed. Numerical data did not follow normal distribution. Therefore, they were summarized as median and interquartile range (expressed as 25 th -75 th percentiles) and Mann-Whitney test was used to compare between two independent groups. Spearman's correlation was used to assess relationship between two numerical variables. For qualitative data, Pearson's Chi square, or Fisher-Freeman-Halton Exact tests were used to examine association between two variables. Receiver-operating characteristic (ROC) curve for predicting in-hospital mortality was generated from the data. Area under ROC curve (AUC), sensitivity, specificity, positive and negative predictive values (PPV, NPV) were calculated. Significance was adopted at p < 0.05 for interpretation of results of tests (Dawson and Trapp, 2001) .
Results
One hundred and eight patients were included in this study. Their ages ranged from 19 to 75 years with median age of 25.5 years. More than half of the studied patients were males (55.6%) and most of them were from rural areas (61.1%). All cases were exposed to CO through unintentional poisoning. The most common cause of CO poisoning recorded in this study was gas water heater (53.7%), followed by fire accidents (22.2%), domestic gas leakage (20.4%), while 3.7% of patients were exposed to CO poisoning from motor vehicle exhaust in closed garage. The median duration of CO exposure was 4.3 hours with IQR; 2-8, and the median delay time was 3.8 hours (IQR= 1-6) ( Table 2 ).
Among the studied 108 patients; 20 patients (18%) died in hospital (non-survivors group) and 88 patients survived (survivors group); of those who survived, 43% were recovered and 39% suffered from complications as demonstrated in figure (1). In addition, figure (2) revealed that disturbed memory and difficult speech were the most common complications as each of them was recorded in 12 patients (11.1%), followed by personality changes and concentration deficits which occurred in 8 patients for each (7.4%), gait disturbance was registered in 6 patients (5.6%), while recurrent headache and insomnia occurred in 4 patients for each (3.7%).
The median age of the patients who died was older than those who survived (30 years versus 25 years), however no statistical significant difference was detected between the two groups as regards age. Moreover, this study revealed that the median duration of CO exposure was significantly longer in nonsurvivors than in survivors (8 hours versus 4 hours; p=0.017). Similarly, the median delay time registered in non-survivors was significantly longer than that in survivors (8 hours versus 2.5 hours; p<0.001). On the other hand, there was no statistically significant difference between the two studied groups as regards gender, residence or source of CO.
All patients in the non-survivors group were admitted to intensive care unit (ICU) and they needed assisted ventilation; while, 22.7% of the survivors were admitted to ICU and only 6.8% of them needed assisted ventilation. Table ( 2) showed that there was statistical significant difference between the two studied groups regarding ICU admission and need for assisted ventilation (p < 0.001). Despite, the median hospital stay duration was longer in survivors group than in non-survivors group (72 hours versus 64 hours), however, no statistical significant difference could be detected between the two groups as regards hospital stay duration.
The current study revealed a statistical significant difference between the survivors and non-survivors regarding the values of the four studied scores; GCS, APACHE II, SAPS II, and REMS (p <0.001). The median of GCS in the survivors group was significantly higher than in the non-survivors group (12.5 versus 3.5), meanwhile, the medians of the other scores; APACHE II, SAPS II and REMS were significantly lower in the survivors than in the non-survivors (5, 13, 2 versus 28, 70.5, 17.5 respectively; p < 0.001) as demonstrated in table (3).
The current study demonstrated negative significant correlations between GCS and delay time, duration of CO exposure and hospital stay duration. On the other hand, positive significant correlations were detected between the previously mentioned three parameters and each of APACHE II, SAPS II and REMS scores (p <0.001; Table 4 ).
The results of analysis of ROC curve in the four studied scores were illustrated in table (5) and figure (3). All the studied scores had AUC above 0.9 -which indicates their being excellent predictors for in-hospital mortality in CO poisoned patients. Both the APACHE II and SAPS II scores had the best AUC (both were 0.995), followed by REMS (0.993) then GCS (0.950). The AUC value of GCS was significantly lower than those of APACHE II, SAPS II and REMS scores; while differences between AUC of APACHE II, SAPS II, and REMS were not statistically significant.
The APACHE II -at a cutoff value >17had 100% sensitivity, 97.7% specificity, 90% positive predictive value (PPV), and a negative predictive value (NPV) of 97.7%. While, the SAPS II sensitivity, specificity, PPV, and NPV were 90%, 100%, 100%, and 97.8% respectively, at a cutoff value >53. REMS had 90% sensitivity, 100% specificity, 100% PPV, and 97.8% NPV at cutoff value >11. Finally, the GCS had 100% sensitivity, 90.9% specificity, 71.4% PPV, and 100% NPV at a cutoff value ≤ 5. Extension (decerebrate posturing) 2
Motor response
No response 1 (Teasdale and Jennett, 1974) Fig. (1) : Outcome of the studied carbon monoxide poisoned patients (n = 108). 
Discussion
In the present study, the ages of the studied patients ranged from 19 to 75 years with median age of 25.5 years. Similarly, Huang et al. (2017) reported high incidence of acute carbon monoxide (CO) poisoning among middle age patients. The reported predominance of males over females in the current study coincided with the findings observed by others studies (Shokrzadeh et al., 2013; Aldossary et al., 2015; Sikary et al., 2017) . Meanwhile, it was contrary to the results of a study conducted in Morocco by Rebgui et al. (2013) who recorded higher incidence of CO poisoning in females. Our study revealed that 61.1% of cases were from rural areas; however, this was incompatible with the results of Farzaneh et al. (2015) who found that 54.3% of their patients were from urban areas.
All cases in this study were exposed to CO through unintentional poisoning and this could be attributed to the properties of CO being a colorless, odorless and poisonous gas which make it known as "silent killer". This result was in the same line with the results reported by Ghosh et al. (2016) . However, carbon monoxide has been recognized as a method of intentional poisoning (Choi et al., 2014) . Huang et al. (2017) recorded that intentional poisoning by charcoal burning was an important etiology of CO poisoning in Taiwan, and found that about one of five CO poisoning cases was a suicidal attempt.
The most common cause of CO poisoning recorded in this study was gas water heater (53.7%) followed by fire accidents. Similar results were detected by Salameh et al. (2009) who studied the epidemiology of CO poisoning in Jerusalem and found that faulty gas heaters followed by fire accidents were the main sources of unintentional CO exposure. Also, Farzaneh et al. (2015) reported that water heater and gas heater were the most common causes of CO poisoning (48.6% and 31.4% respectively). While, in another study conducted by Crowley et al. (2003) in Ireland, they found that fire was responsible for many CO poisonings.
The median delay time recorded in this study was 3.8 hours (IQR= 1-6) which was comparable with Ku et al. (2015) who found that short period of time was recorded for referral of patients to the hospital (6-10 hours). The median duration of CO exposure in the current study was 4.3 hours which was close to the findings of Kim et al. (2018) .
The present study showed that 18% of the patients died in-hospital, 43% recovered and 39% suffered from complications which were mainly neurological. However, Ku et al. (2015) recorded lower mortality rate (7.3%) and lower incidence of neurological sequelae (9.1%) in their studied CO poisoned patients. The median age of the patients who died in our study was older than those who survived with no significant difference and this coincided with Cevik et al. (2006) who reported that mortality cases had significantly higher mean age than survivors.
Furthermore, statistical significant difference was detected between the two studied groups regarding ICU admission and need for assisted ventilation and this was in agreement with the results of Barghash and her colleagues (2017) who demonstrated that all mortality cases in their study were admitted to ICU and needed mechanical ventilation.
Moreover, the current study revealed statistical significant difference between survivors and non-survivors regarding the median duration of CO exposure and the median delay time. Also, it was demonstrated that delay time, duration of CO exposure and hospital stay duration had negative significant correlations with GCS and positive significant correlations with each of APACHE II, SAPS II and REMS scores.
This could be explained by the fact that late presentation to the hospital and prolonged exposure to the toxin are risk factors and associated with poor prognosis. Barghash et al. (2017) showed that prolonged delay time was one of the risk factors for poor prognosis in acute carbon monoxide poisoning. In addition, Kim et al. (2018) stated that increased CO exposure duration was associated with increased risk of acute brain injury occurrence. Also, it was reported that prolonged CO exposure duration and decreased consciousness (low GCS) were associated with increased risk of neurological sequelae (Kitamoto et al., 2016) , increased risk of aspiration pneumonia and poor outcome (Sohn et al., 2017) .
To the best of the authors' knowledge, this is the first study to compare simple physiological scores in the emergency department (GCS, APACHE II, SAPS II and REMS scores) as prognostic factors for inhospital mortality in CO poisoned patients. Regarding GCS in this study, the median GCS in the survivors group was significantly higher than in the non-survivors group. The GCS had a fair AUC, 100% sensitivity, 90.9% specificity, 100% NPV and it had the least PPV (71.4%) at a cutoff point ≤ 5. These results were in the same line with that reported by Forsberg et al. (2012) who found that acutely poisoned patients with GCS 7 at admission had a mortality rate higher about seven times than the total hospital mortality rate. Also, Budhathoki et al. (2009) studied the outcome of poisoned children and revealed that GCS less than 8 was associated with higher mortality rates. However, Cattermole et al. (2009) recorded higher mean values of GCS (10.7± 4.9) in critically ill patients who needed ICU admission or died in emergency department.
The APACHE II score is a general mortality prediction model in critically ill patients (Strand and Flaatten, 2008) . In the present study, patients of the non-survivors group had significantly higher APACHE II values than survivors (medians; 28 versus 5 respectively, p<0.001). The APACHE II had the best AUC, at cutoff value >17, APACHE II had 100% sensitivity (it identified all dead cases in the studied sample), 97.7% specificity (it identified 97.7% of survivors), 90% PPV (90% of patients with scores above the cut-off value died), and a NPV of 97.7% (97.7% of patients who had score below the cutoff value survived). Mathai and Bhanu (2010) found that, survivors of aluminum phosphide (ALP) poisoned patients had significantly lower APACHE II score than non-survivors (8.64 ± 5.27 versus 14.56 ± 6.66, respectively, p= 0.019). Moreover, Louriz et al., (2009) revealed that APACHE II score was positively correlated with mortality in ALP poisoned patients.
Similar to APACHE II, SAPS II had significantly lower scores in the survivors than in the non-survivors (median was 13 versus 70 respectively). It also had the best AUC with sensitivity, specificity, PPV, and NPV were 90%, 100%, 100%, and 97.8% respectively, at a cutoff value >53. Kim et al. (2008) mentioned that, APACHE II and SAPS II could be predictors of mortality in organophosphate poisoned patients.
In the current study, REMS score had higher values in non-survivors when compared to survivors (medians; 17.5 versus 2.00 respectively). It had a good AUC that was very close to both APACHE II and SAPS II, with 90% sensitivity, 100% specificity, 100% PPV, and 97.8% NPV at cutoff value >11. These results coincided with the results detected by Olsson et al. (2004 b) who concluded that, REMS could be used as a good predictor of long term mortality in non-surgical patients admitted to emergency department, where non survivors had significantly higher scores than survivors. In addition, Cattermole et al. (2009) recorded significant increase of the mean values of REMS in patients admitted to ICU or died when compared to those who had better prognosis (9.1 + 4.3 versus. 6.1 + 4.0, respectively).
Conclusions
In conclusion, the four studied scores (GCS, APACHE II, SAPS II and REMS) had good AUC above 0.9; but, the AUC of GCS was significantly lower than those of APACHE II, SAPS II and REMS scores; meanwhile, no significant differences were detected between AUC of APACHE II, SAPS II, and REMS. Moreover, the APACHE II, SAPS II and REMS have relatively close abilities to distinguish and estimate inhospital mortality of carbon monoxide poisoned patients. However, REMS is a simple, easy and rapid scoring system that does not consume time or require several laboratory variables which could be unavailable at admission. Hence, REMS seems to be more useful in predicting inhospital mortality in acute CO poisoning rather than more complicated scoring systems such as APACHE II and SAPS II.
Limitations
The main limitation of this study is the fact of being a single-center study with small sample size. In addition, CO poisoning is known to be responsible for many delayed complications especially neurological, however, we could not study those long-term complications or mortality rates.
Recommendations
Despite carbon monoxide poisoning is a common cause of morbidity and mortality worldwide, but scarce studies are available in the literature comparing the different scoring systems for early prediction of its outcome. Hence, further researches are required in this area. Also, more multi-centers studies are mandatory to compare between early and late scores of the various scoring systems to detect precisely the best scoring system that offers better prediction of CO poisoning outcome. 
